38 Keywords: biodiversity, deforestation, ecosystem function, kelp forest, primary production, 39 respiration, urchin barren 40 41 180 in widespread losses to primary production and respiration by the ecosystem, and increases in 181 benthic irradiances. 182 183 Our study is in agreement with previous studies in aquatic ecosystems that have shown GPP and 184 Re to generally be in balance and thus exhibit GPP / Re ratios near 1.0, and NEP values near 185 zero (21, 22) . Indeed, when we examine the relationships between GPP and Re in each of the 186 cBITs in each habitat type separately, GPP and Re are consistently similar in magnitude, with no 187 differences in GPP / Re ratios among habitat types (ANCOVA: F 2,62 = 0.16, p = 0.852) (Fig. 5, 188 Table 6 ). Further, the distribution of these ratios is symmetrical around 1.0 in each habitat (Fig. 189 6) . Interestingly, the highest individual values of NEP were not observed in the kelp forests but 190 rather in the urchin barrens, which we believe was due to higher irradiances in the urchin barrens 191 than the other two habitats (Fig. 3 ) combined with compensatory production by the encrusting 192 coralline algae and benthic diatoms (28). However, those few observations aside, it is clear that 193 all three benthic habitats remain in balance following deforestation, with GPP ≈ Re, GPP / Re 194 ratios ≈ 1, and median NEP values ≈ 0. Thus, although NEP may help differentiate between 195 productive and unproductive ecosystems (22), it poorly describes changes in primary 196 productivity following widespread kelp deforestation in the Aleutian Archipelago. Instead, it is 197 clear that deforestation results in significant changes to the region's benthic communities, and 198 these led to declines in both GPP and Re, which better reflect a reduction in ecosystem 199 functioning (16, 17) . Further, it appears that even partial deforestation, where the benthic 200 macroalgae and invertebrates have been lost but the canopy-forming kelps remain, results in a 201 decrease in GPP and Re at the benthos that is similar to trends found in urchin barrens.
226 Mexico following nearly two decades of absence after the strong 1997-98 El Niño Southern 227 Oscillation (43). Recovery of the Eualaria fistulosa forests throughout the Aleutian Archipelago, 228 however, would likely require widespread mortality in the urchin populations, which today 229 seems unlikely. Until then, benthic biodiversity, GPP and Re will likely remain lower in areas of 230 kelp forest loss because the high abundance of urchins limits regrowth of macroalgae and 231 maintains the urchin barrens (15). Thus, we present a benchmark against which we can evaluate 232 this recovery, and understand the effects of further deforestation in this ecosystem. 244 reflects productivity at the benthos and not in the mid-water or at the surface where the canopy-245 forming Eualaria fistulosa remains in the transition habitats. It is likely that these canopy-246 forming macroalgae would increase GPP and perhaps result in positive values of NEP in the 247 mid-water and at the surface in both the kelp forests and transition habitats. However, at the 248 benthos, GPP and Re remain in balance following deforestation, leading to similar, near-zero 249 NEP in all three habitats. We believe this reflects balance between the autotrophic and 250 heterotrophic components of the ecosystem. Specifically, the macroalgae exhibit positive GPP as 251 they photosynthesize, grow and increase in abundance, but this results in a concomitant increase 252 in heterotrophic metabolism, which increases Re. In the face of deforestation, both GPP and Re 253 decrease, resulting in little to no changes in NEP. Thus, we propose that GPP and Re are better 254 measures of changes to primary productivity than NEP. Combining these with estimates of 255 macroalgal and invertebrate diversity and abundance revealed that the Aleutian Archipelago 256 suffered substantial losses to ecosystem function following widespread deforestation. Our cBITs were made from 0.106 cm polycarbonate plastic triangle sheets glued to fiberglass-280 reinforced vinyl panels (Fig. 7) . The frames were reinforced using stainless steel tubes with 281 stainless steel cable to facilitate handling and to ensure they held their pyramidal shape with an 282 internal volume of 192 L and a basal area of (0.64 m 2 ). The cBITs each had 26" skirts around the 283 perimeter, upon which chain was laid to hold them to the benthos and prevent water exchange 284 with the surrounding environment. The polycarbonate walls were thin and flexible to allow 285 hydrodynamic energy transfer into the cBITs, thereby reducing boundary layer formation around 286 the macroalgal thalli. We verified this energy transfer using dissolving plaster blocks placed 287 within cBITs and by using video analysis of internal seaweed movements. Sensor arrays that 288 included a Photosynthetic Active Radiation (PAR) sensor (Odyssey Dataflow Systems Ltd), and 289 a Dissolved Oxygen (DO mg/L) and Temperature (˚C) sensor (MiniDOT Logger, PME) were 290 placed at the center of each cBIT (Fig 8) . 544 Tables  Table 1. List of the nine islands in the Aleutian Archipelago where we deployed cBITs to measure NEP, GPP and Re, and the six islands where we collected all macroalgae and invertebrates from within the cBITs to estimate their biomass. The number of cBITs deployed, and whether macroalgae and invertebrates were collected from within them are noted. Kelp  Transition  Urchin  forests  habitats  barrens   Adak  3  2  3  No  Amchitka  3  2  3  Yes  Atka  3  3  2  Yes  Attu  3  3  1  Yes  Chuginadak  2  2  3  Yes  Kiska  3  3  2  Yes  Nizki  3  3  2  Yes  Tanaga  2  1  2  No  Yunaska  3  3  3  No   546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  Table 2 . Results of A) a two-way Model III Permutation Analysis of Variance testing differences in Algae biomass, and B) a two-way Model III Analyses of Variance testing differences in Urchin biomass, among the nine islands and and three habitat types (kelp forests, transition habitats, and urchin barrens). For each analysis, island was considered a random factor and habitat was considered a fixed factor. Table 3 . Results of A) permutation post hoc comparisons testing for differences in macroalgal biomass, and B) Fisher's LSD pairwise comparisons testing for differences in urchin biomass, among habitat type pairs. These tests were done as a priori hypotheses and thus done regardless of PERMANOVA or ANOVA outcomes (see Table 2 ). Table 4 . Results of separate two-way Model III Analyses of Variance testing for differences in A) net ecosystem production (NEP), B) gross primary production (GPP), C) respiration (Re), D) the range (difference) between GPP and Re, and E) PAR among the nine islands and three habitats (kelp forests, transition habitats, and urchin barrens). For each analysis, island was considered a random factor and habitat was considered a fixed factor. Table 5 . Results of Fisher's LSD pairwise comparisons testing for differences in A) NEP, B) GPP, C) Re, D) the range (difference) between GPP and Re, and E) PAR among habitat type pairs. These tests were carried out as a priori hypotheses, and thus done regardless of ANOVA outcomes (see Table 4 ).
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